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LETTER OF TRANSMITTAL 



U. S. Department of Agricultxjee, 

Office of the Weather Bttreaxt, 
Washington, D. C, January 25, 1908. 
Sir : T have the honor to recommend that the manuscript lierewith 
be published as a revised edition of Farmers' Bulletin No. 104. 

In compliance with directions contained in your letter of March 29, 
1899, a paper on the subject of frost, prepared by Prof. E. B. Gar- 
riott. Weather Bureau, was submitted and published as Farmers' 
Bulletin No. 104. This bulletin furnished valuable information re- 
garding methods of protection from frost. Methods advocated in 
previous publications were mainly the results of experiments con- 
ducted in California orchards. Bulletin No. 104 was designed to be 
of A'alue in all sections of the country rather than in restricted 
districts. 

As the California experiments quoted were perhaps the most thor- 
ough ever made in this country, a description of the methods em- 
ployed and the results obtained is reprinted in brief in this paper, 
together with results of similar experiments made in the citrus- 
fruit and truck-gTowing districts of the Gulf States, where varying 
climatic conditions have been found to produce somewhat different 
results. Additional information personally acquired by the author 
during a visit to Florida in the winter of 1900-7, and certain climatic 
data, also form features of this paper in its revised form. 

Your wishes that the subject be treated in a popular way and 
divested of all technicalities, and made applicable to all portions of 
the United States, have been complied with so far as the nature of the 
subject will permit. 

Respectfully, Willis L. Mooee, 

Chief, Weather Bureau. 

Hon. James Wilson, 

Secretary of Agriculture. 
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NOTES ON FROST. 



HOW FBOST IS FOEMED. 

Thp itmosphere of the earth always contains more or less moisture 
in an invisible form. When at a considerable elevation above the 
earth this moisture, or aqueous vapor, is condensed, clouds are formed ; 
when the process of condensation is more active and the temperature 
of the air is above freezing, rain falls ; and when the temperature of 
the air is below freezing, snow is produced. When the moisture of 
the a^r in immediate contact with the earth is condensed at tempera- 
tures above freezing, dew is formed; when at temperatures below 
freesjing, frost is deposited. Frost is, therefore, the moisture of the 
air condensed at freezing temperatures upon plants and other objects 
near the surface of the earth. 

In the process of frost formation the temperature of the air a- few 
feet above the earth is commonly several degrees above freezing. The 
surfaces upon which frost is deposited must, however, possess freezing 
temperatures. The manner in which frost is deposited on plants and 
other objects is very similar to that in which the air moisture of 
a room is frozen and deposited upon window glass, the temperature of 
which has been reduced to freezing by the out-of-doors cold. In the 
case of the frost on the window glass the process is one that can read- 
ily be understood. Some explanation, however, is required of the 
formation of frost, which requires freezing temperature, when at 
times a temperature above freezing is registered a few feet above the 
surfaces upon which frost appears. 

There are several processes by which the temperature of plants may 
be reduced below the temperature of the air which surrounds them. 
The most important of these processes is radiation, by means of which 
heat escapes from objects and passes into the surrounding air. 

In the frost- forming process heat from the sun which is absorbed 
by the earth and by plants during the day is lost by radiation at night. 
During the day the earth both absorbs and reflects the heat received 
from the rays of the sun, and the lower stratum of air is warmed by 
this reflected heat. During the night when no direct heat is received 
from the sun's rays the lower air stratum receives no reflected heat, 
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and, at. the same time, heat which has been absorbed by earth is 
radiated, or, in other wortis, it rises tliro;igh the overlyu-jr air, though 
not necessarily and entirely as sensible heat ; that is, heat perceptible 
to the senses. In the frost-forming process there is another very im- 
portant factor in the production of cold; that is, the evaporation of 
moisture from the earth and from plants. The nature and composi- 
tion of frost require that the air in immediate contact with the sur- 
faces upon which frost forms shall contain moisture. This is mois- 
ture that has been stored in the earth in visible form, i. e., in the form 
of water, and which has escaped from the earth, not as visible mois- 
ture, but by the process of evaporation and in the form of aqueous 
vapor. Some part of- the heat stored hy the earth during the day is, 
therefore, lost in evaporating the moisture contained in plants and in 
the earth. The heat utilized in this process is retained in the air, not 
as sensible, but as latent heat. Heat is rendered latent, in the same 
manner, when it is used to boil away water, and it again becomes sensi- 
ble or liberated heat when the water vapor produced by boiling, which 
is a rapid process of evaporation, is again condensed into water. It 
appears, therefore, that wdiile the temperature of surfaces upon which 
frost forms, aaid of the air in immediate contact Avith them, is low- 
ered by the evaporation of moisture from the surfaces, the influence 
of the pi'ocess does not extend to air a iew feet above the ground. 

Another method by which plants lose their heat is by convection, by 
means of which they are chilled by contact with colder air. This 
process, while important in the presence of freezing-air temperatures, 
can scarcely be considered a factor in the formation of frost proper, 
which is usually accomplished when temperature observations show 
the air to be above freezing. 

Another element in the formation of frost is found in the fact that 
air, like fluids, arranges itself according to its densitj^ or weight. 
Thus the air in immediate contact with the earth becomes heavier as 
its temperature is lowered by the radiation of heat and settles into 
depressions oi' valleys and ovei' lowlands, causing, at times, frost in 
low-lying districts, while neighboring higher grounds escape the vis- 
itations. 

SEASONS OF FROST. 

Generally speaking, agricultural products in some part of the 
United States are menaced by frost from the time nature begins to 
extend her mantle of green from the citrus regions of the South 
toward the grain fields of the North until the verdured area contracts 
southward before the first winds of winter ; from the hour that seeds 
germinate and buds blossom until crops are gathered; from early 
spring until late fall. As a rule, the critical periods are during the 
early growth of plants and when the fruit is in the bloom, and again 
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when crops are maturing. In the first instance vegetation is threat- 
ened by the frosts of early spring, and in the latter by the frosts of 
autumn. 

Considering the several agricultural sections in greater detail we 
find that damaging frost is likely to occur in the north half of the 
Floi'ida peninsula and in the region immediately bordering the coast 
of the Gulf of Mexico, and in the Pacific Coast States from the latter 
part of October until the early part of April, and in the North Pacific 
Coast States as early as the middle of October and as late as the last 
week of April. From December until early in March the frost limit 
and even the line of freezing temperature may, at long intervals, be 
extended southward over central and southern Florida. The period 
of damaging frosts in the interior of the South Atlantic and Gulf 
States extends from November to April. From October to April the 
region in which agricultural products are subject to damage by frost 
is extended to the southern lake region, over the Upper Mississippi 
and Lower Missouri valleys, Kansas, and Nebraska, and from Sep- 
tember to May frost visitations are usually confined to the extreme 
Upper Mississippi, Upper Missouri, and Eed Eiver of the North val- 
leys, and the Rocky Mountain and plateau regions from central New 
Mexico and the Texas Panhandle northward. 

The occurrence of summer frosts in mountain regions and in ex- 
treme northern districts of the country is common. The following 
are notable instances of summer frosts in agricultural districts : 

August 22 to 24, 1890, a frost -bearing cool wave advanced from the 
Dakotas over the lake region and the interior, or mountain districts, 
of the middle Atlantic States. 

August 28 to 31, 1892, a cool wave advanced from the Kooky Moun- 
tain and plateau regions, vritli frost from New Mexico to the Dakotas, 
Iowa, Minnesota, northern Wisconsin, and northern Michigan. 

August 8, 1904, frost damaged vegetation in low-lying lands in the 
States of the upper lake region. 

Bulletin P, of the Weather Bureau, gives a chronological state- 
ment of the more important cold periods that have been experienced 
in the United States, and contains charts that present conditions that 
have preceded and attended the principal cold wa^'es and frosts of 
the last fifteen years. 

WHEN TO EXPECT FROST. 

As the conditions which produce damaging frost are subject to 
modifications which are as ninnerous as the kinds of crops raised, and 
as varied as local topography, local climate, and local soil conditions 
in the various sections of the United States, the writer in attempting 
to treat briefly a siibject Ayhieli is so diversified in its aspects is con - 
fronted with many difficulties. Suffice it to say that with other atmos- 
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pheric conditions favorable for its occurrence frost may, as a rule, be 
expected when temperattire, as reported by stations of the Weather 
Bureau, falls to a point 8° to 10° above the freezing point. As pre- 
viously stated, the surfaces upon which frost is deposited must possess 
freezing temperature, although the temperature of the air a few feet 
above the surfaces may be several degrees above freezing; and it is 
the temperature of the air, in some instances many feet above the 
ground, that is given by the Weather Bureau observations. Another 
atmospheric condition favorable for the occurrence of frost is a clear, 
cloudless, and comparatively calm night. The presence of clouds - 
retards radiation or loss of heat from plants; the clouds act as a 
screen in preventing the heat collected from the sun's rays during the 
day from escaping into the upper air. When clouds are not present 
and a withdrawal of the sun's rays causes a rapid cooling of the air 
at moderate eleA'ations, the warmer air which collects near the surface 
of the earth during the day rises, and the cooler upper air, owing to its 
greater density or weight, settles to the earth. It will be noted that 
clouds not only prevent the escape of the warm air in immediate con- 
tact with the earth, but also blanket, as it were, the upper part of the 
lower air stratum. Calm or comparatively still air is a condition 
which favors the formation of frost. On windy nights the air is dis- 
turbed and is not permitted to arrange itself in layers according to its 
density, with the densest and coldest air near the surface of the earth ; 
it is kept mixed up by the wind. 

A very interesting fact, which illustrates the manner in which cold 
air settles by its greater weight to the surface of the earth and allows 
the warmer air to assume higher levels, causing frost in low grounds 
and granting to the higher grounds a comparative immunity from 
frost, is set forth in the following article, by Prof. Cleveland Abbe, in 
the Monthly Weather Review for December, 1893, entitled Thermal 
Belts, Frostless Belts, or Verdant Zones : 

These are local namej given to certain regions on mountain sides within which 
nocturnal frost rarely or never occurs in the springtime, although freezing tem- 
peratures occur in the winter time, consequently tender vegetation flourishes 
with remarkable vigor in these regions. The following are the only references 
to thermal belts in the United States at present known to the editor, but as 
such regions are specially important to the horticulturist and agriculturist it 
is hoped that the correspondents of the Weather Bureau will bring these 
thermal belts to notice wherever they occur in order that their meteorological 
peculiarities may be better understood. 

In the Agricultural Report of the Patent Office for 1861 Mr. Silas McDowell, 
of Franklin, Macon County, N. C, describes the verdant zone in that county 
in the valley of the Little Tennessee Elver. It occupies the region between 
300 and 700 feet above the valley of the river, which latter is about 2,000 feet 
above sea level. On tracing this zone up among the smaller tributaries of the 
Tennessee River he found that in the higher valleys, where the bottom land 
is about 3,900 feet above sea level, the verdant zone lies between 4,000 and 
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4,100 feet. Within this zone frost never injures the vegetation, and the most 
tender grapes never fall to produce abundant crops. 

Prof. J. W. Chickering, jr., in the bulletin of the Philosophical Society of 
Washington, March, 1883, and In the American Meteorological Journal, vol. 1, 
describes the following thermal belt : " In Polk County, N. C, along the eastern 
slope of the Tryon Mountain range, in latitude north 35, the thermal belt begins 
at the base of the mountain, at an elevation of 1,200 feet above the sea, and 
extends up 2,200 feet, being most perfect at about 1,500 feet. It is about 8 
miles long, and is distinguished by magnificent flora, such as would be char- 
acteristic of a point 3 degrees south of the actual latitude." 

Prof. John Leconte, of Berkeley, Cal., In Scien«e, vol. 1, p. 278, states that at 
Flat Rock, near HendersonvlUe, Henderson County, N. C, on the flank of the 
mountain spur adjacent to the valleys of the Blue Ridge, he also observed a 
frostless zone. The valley is about 2,200 feet above soa level, and the thermal 
belt is 200 to 300 feet above the valley. 

Mr. J. W. Pike, of Vineland, N. J., states that among the mountains of Cali- 
fornia lie lias discovered that during the night the cold is much greater In the 
valleys than on the terraces several hundred feet above, due to the settling of 
the cold air, so that a thermal belt is formed at that height separating the frosty 
valleys from the colder highlands. 

In the Tennessee Journal of Meteorology for January, 1894, published by 
the State weather service, the author describes a thermal belt between Los 
Angeles and the Pacific coast. It traverses the foothills of the Cahuenga 
range, and has an elevation of between 200 and 400 feet and a breadth of about 
3 miles. It occupies the luidw.ay region of the range. 

In the American Meteorological Journal, vol. 1, Mr. S. Alexander describes a 
thermal belt in which the peach tree flourishes in the southeastern portion of 
Michigan. He shows that the cold island discovered by Winchell in that region 
is really the bottom of a topographical depression into which the cold air set- 
tles. It is a long valley surrounded by a belt of elevated country from 50 to 
000 feet above lakes Michigan and Huron. The valley and the isotherms trend 
northeast and southwest from Huron County through Sanilac, Lapeer, Oakland, 
Livingston, and Washtenaw to Hillsdale County. The highlands of this region 
are all much freer from frost than the lowlands, and all much more favorable 
for early vegetation. He does not state that any point is high enough to be 
above the thermal belt, but that, in general, two equal parallel thermal belts 
inclose the cold island between them. 

It is generally conceded that these thermal belts depend both upon the drain- 
age of cold air downward into the lower valleys and the freedom of radiation 
from the surface of the ground to the clear sky overhead. During a still night, 
when frosts occur, the surface of the hillside cools by radiation, and hence 
cools the air in contact with it ; the latter flows downward as long as its cool- 
ing by radiation and conduction exceeds its warming by compression. Inas- 
much as its cooling depends on contact with a still colder soil or plant. It soon 
accumulates In the lowlands as a layer of cold air, which grows thicker during 
the night by the steady addition of the thin layer of descending air in contact 
with the ground on the hillsides. The warmer air, which has not yet had an 
opportunity to cool by contact with the ground, floats on top of the cold mass ; 
it spreads out toward the hills, and Is continuously furnishing its heat to the 
adjacent hillsides as fast as it comes In contact with them before it also cools 
and descends. The formation of the thermal belt seems to depend largely upon 
this gentle circulation during the nighttime. The lower limit of the belt is 
defined by the depth of the accumulation of cold air in the confined valley and 
rises higher in proportion as the night is clearer and longer, and also in propor- 
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tiou as the valley is more or less perfectly inclosed. The upper limit of tlie 
thermal belt may depend upon the strength of the wind and the general tem- 
perature of the air. But if there be no wind, then it depends equally on the 
freedom of radiation to the clear sky and on the above-described circulation of 
air. 

The facts quoted in this article show that frost may be expected on 
low grounds at times when higher grounds escape the visitations, and 
the lesson they teach is that early and tender crops should, so far as 
may be practicable, be confined to crests, hillsides, and mountain sides, 
and later and hardier crops to the lowlands and valleys. 

Local climatej as it is influenced and regulated by the proximity of • 
bodies of water, must be given great weight in calculations regarding 
frost. Frost is less likely to occur in localities swept by moisture- 
laden air which has crossed a considerable body of water. This is 
more especially the case in the fall of the year, when the temperature 
of bodies of water is reduced very slowly; and in the South, where 
the water temperature continues relatively high throughout the year, 
the influence of the water is especially marked. During the colder 
months air is not only warmed in crossing considerable bodies of 
water, but it also absorbs moisture, which, although invisible in the 
form of water vapor, has the effect of retarding the radiation of 
heat from the earth. In fact, so pronounced is the influence of water 
and water vapor that localities which with reference to exposure to 
west and northwest winds are, as it were, in the lee of large bodies 
of water are comparatively free from frost visitations. On the keys 
of the east Florida coast which are protected on the west by lagoons, 
rivers, lakes or bays, frost is said to be unknown, and throughout the 
central and northern sections of the United States, localities which 
are protected on the west and northwest by bodies of water of consid- 
erable size are not only favored, by reason of their position, with con- 
ditions which do not promote the formation of frost, but also receive 
the benefits derived from heavier falls of snow. 

Local soil conditions constitute, to a certain extent, a factor in the 
formation of frost. As a rapid loss of heat is promoted by an active 
evaporation of moisture, it is evident that, with other conditions equal, 
frost is more likely to occur on damp than on dry ground, provided, 
however, that the ground is not too moist, for in the latter event the 
amount of moisture evaporated and added to the air would have a ten- 
dency to retard the radiation of heat from the earth. And herein lies 
the distinction, so far as frost formation is concerned, between moist 
air and moist soil. An excess of moisture in the air, in preventing, 
to a degree, the radiation of heat, is unfavorable to the formation of 
frost. As frost is the moisture of the air in immediate contact with 
the earth condensed at freezing temperature, it follows that the earth, 
from which. the moisture of the air is drawn, must contain more or 
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less water, and it is evident that damaging frost wiil occur with a 
limited rather than with a large quantity of moisture arising from the 
earth and a moderately moist and comparatively still air. Both of 
these conditions usually obtain following, but not too closely follow- 
ing, the rains of spring and autumn. The character of the soil as re- 
gards its capacity for retaining moisture must also be taken into ac- 
count, more especially during periods of comparatively dry weather. 
Moist soil, and the vegetation which springs from it, is chilled to a 
lower temperature by the evaporation of moisture, and is therefore 
more subject to visitations of frost than soil which is dry, or into 
which water penetrates deeply, leaving the surface dry, or soil which 
sheds the rain and does not absorb and hold water. It is important 
to note, however, that very moist soil, or soil which contains a large 
amount of surface water, is, owing to the quantity of moisture yielded 
to the air, not so subject to the heavy and damaging frosts which visit 
plants on moderately damp ground or ground that has a small capac- 
ity for moisture. 

DATES OF EARLY AUTUMN AND lATE SPRING FROSTS. 

The following table shows for stations of the Weather Bureau 
throughout the United States dates of first killing frost in autumn, 
and of last killing frost in spring; also the average dates of first 
killing frost in autumn and of last killing frost in spring : 

Dates of first killing frost in autumn and of last hilling frost in spring at 
Weather Bureau stations throughout the United States. 



Station. 



Date of 
earliest 
recorded 
killing 
Irost in 
autumn. 



Date of 
latest 

recorded 
killing 

frost in 

spring. 



Average i Average 



date of 
first kill- 
ing frost 
in au- 
tumn. 



date of 
last kill- 
ing frost 

in 
spring. 



Bastport, Me 

Northfleld, Vt, 

Portland, Me 

Boston, Mass 

Nantucket, Mass 

Block Island, B. I — 
TTarragansett, B. I- 
New Haven, Conn.. 
Binghamton, N. T.. 

Albany, N. T 

New York, N. T 

Harrisburg, Pa 

Philadelphia, Pa 

Atlantic City, N. J., 

Baltimore, Md 

Washington, D. 0--. 

Lynchburg, Va 

Noff oik, Va 

Wytheville, Va 

Charlotte, N. 0 

Baleigh, N. O 

Hatteras, N. 0 

Wilmington, N. O 

Charleston, S. O— . 

Columbia, S. O 

Augusta, Ga 

Savannah, Ga 

Jacksonville, Ha — 
Jupiter, Ha 



Sept. 3 
Aug. 27 
Sept.ll 
i Sept. SO 
i Oct. 1 
: Oct. sa 

I Sept. 21 
Sept.!,"; 
Sept. 16 
Sept. 28 
Oct. 15 
Oct. 3 

. do._. 

Oct. 1 
Oct. 6 
Oct. 2 
Oct. i 
Oct. 15 
Sept.l4 
Oct. 8 

do 

Nov. 7 
Oct. 16 
Nov. 9 
Oct. 19 
Oct. 8 
Nov. 1 
Nov. 12 
Nov. 18 



June 19 
June 7 
May 31 
May 11 
Apr. 24 
May 11 
May 30 
— .do... 
May 21 
May SO 
Apr. 30 
Apr. 26 
Apr. 29 
Apr. 25 
May 3 
May 11 
May 7 
Apr. 26 
May 26 
Apr. 26 
May 6 
Apr. 19 
May 1 
Apr. 2 
Apr. 17 
.—do- 
Apr. 5 
Apr. e 
Apr. 7 



Oct. 12 
Sept.16 
Oct. 18 
Oct. 22 
Nov. 5 
Nov. 16 
Oct. 16 
Oct. 17 
Oct. 6 
Oct. 17 
Nov. 6 
Oct. 24 
Oct. 30 
Nov. 4 
.—do— 
Oct. 21 
Nov. 1 
Nov. 12 
Oct. 7 
Nov. 4 
...do... 
Dec. 11 
Nov. 15 
Nov. SO 
Nov. S 
Nov. 9 
Nov, 26 
Dee. 6 
Dec. 29 



Apr. 28 
May 13 
Apr.. 14 
Apr. 26 
Apr. 10 
Apr. 18 

Do. 
Apr. 20 
Apr. 27 
Apr. 24 
Apr. 10 

Do. 
.^.pr. 8 
Apr. 11 
Apr. 4 
Apr. 7 
Apr. 14 
Mar. 27 
Apr. 23 
Apr. 1 
Apr. 5 
Feb. 28 
Mar. 27 
Mar. 1 
Mar. 23 
Mar. 20 
Peb. 27 
Feb. 10 
Feb. li 
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Dates of first killing frost in a^tumn and of last killing frost in spring at 
Weather Bureau stations throughout the United States — Continued. 



Station. 



Atlanta, Ga 

Macon, Ga 

Tampa, Fla 

Prasaeola, Fla 

Mobile, Ala 

Montgomery, Ala 

Meridian. Miss 

Viclisburg, Miss 

Kew Orleans. La 

Slireveport. I.a 

Port Smitii, Ark 

Little Rock, Art 

Palestine, Tex 

Galveston, Tex 

San Antonio, Tex 

Corpus Ciiristi, Tlex 

Memphis, Tenn 

Kashi'ille, Tenn 

Ciiattanooga, Tenn 

Knoxville, Tenn 

Louisville, Ky , 

Lexington, Ky 

EVansville, Ind 

Indianapolis, Ind 

Cincinnati. Ohio 

Columbus, Ohio 

Elkins, W. Va 

Parkersburg, W. Va 

Pittsburg, Pa 

Oswego, N. Y 

Bochester, N. Y 

Buffalo, N. Y 

Erie, Pa 

Cleveland, Ohio 

Sandusky. Ohio 

Toledo, Ohio 

Detroit, Mich 

Port Huron, Mich 

Alpena, Mich 

Sault Ste. Marie, Mich.. 

Marquette, Mich 

Escanaba, Mich 

Green Bay, Wis 

Grand Haven, Mich 

Milwaukee, Wis 

Chicago, 111 

Duluth, Minn 

Minneapolis, Minn ' 

St. Paul, Minn 

Madison, Wis 

La Crosse, Wis.— » 

Dubuque, lovca 

Davenport, Iowa _ 

Des Moines, Iowa 

Keokuk, Iowa 

Hannibal, Mo 

Springfield, III 

St. Louis, Mo 

Cairo, 111 

Springfield, Mo 

Columbia, Mo 

Kansas City, Mo 

Topeka, Kaus 

Wichita, Kans 

Concordia, Kans 

Omaha, Nebr 

Lincoln, Kebr 

Valentine, Nebr 

Sioux City, Iowa 

Huron, S. Dak 

Pierre, S. Dak 

Moorhead, Minn 

Bismarck, N. Dak 

Williston, N. Dak 

Havre, Mont 

Helena, Mont 



Date ol 
earliest 
recorded 
killing 
frost in 
autumn. 



Oct. 
Nov. 
Nov. 
Nov. 
Oct. 
Oct. 
Oct. 
Oct. 
Nov. 
Oct. 
Oct. 
Oct. 
Oct. 
I>ec. 
Nov. 
Nov. 
Oct. 
Oct. 
Sept. 
Oct 
Sept. 
Sept 
Sept 
Sept, 
Sept. 
Sept, 
Sept 
Sept 
Sept.! 
.___do 
Sept 
Sept. 
Oct. 
Oct. 
Oct. 
Sept. 
Sept, 
Sept. 
Sept 
Sept 
Aug. 
Sept 
Sept.' 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept 
Sept 
-_-do 
.—do 
Sept. 
Sept. 
Sept. 
Sept, 
Sept 
Sept, 
Sept. 
._-_do 
Sept. 
Aug. 
Sept. 
Aug. 
Aug. 
Aug. 
Aug. 
Sept. 



Date of 
latest 

recorded 
killing 

frost in 

spring. 



Apr. 10 
Apr. IS 
Mar. 19 
Apr. 6 
Mar. 28 
Apr. 5 
Apr. 10 
Apr. 6 
Mar. 27 
Apr. 2 
Apr. 6 
Apr. 14 
May SO 
Mar. 1 
Mar. 20 
Mar.- 19 
Apr. 16 
May 14 

....do_- 
Apr. 24 
May 14 
May 20 
Apr. 21 
May 21 
Apr. 24 
May 17 
May 24 
May 22 
May 29 

.__.dO — 
May 30 
May 25 
May 17 
May 22 
May 2 
May 29 
May SI 
June 6 
June 9 
May 29 
June 11 
June 16 
May 30 
May 28 
May 21> 

....do.- 
June 8 
May 20 
May 25 
May 13 
June 23 
May 21 
May 22 

._..do... 
May 2 
May 14 
May 22 

.--^do 

Apr. 19 
May 19 
May 6 
Apr. 23 
May 19 
Apr. 30 
May 19 

._„do_.-. 
May 7 
June 21 
May 21 
June 8 
May 19 
June 8 
June 3 
June 10 
June 6 
June 9 



Average 
date of 
first kill- 
ing frost 
in au- 
tumn. 



Nov. 7 
Nov. 14 
Jan. 9 
Dec. 6 
Nov. 30 
Nov. 8 
Nov. 2 
Nov. 12 
Dec. 15 
Nov. 11 
Nov. 5 
Nov. 10 
Nov. 18 
Dec. 25 
Nov. 80 
Dec. 25 
Oct. 28 
Oct. 24 
Oct. 26 
Oct. 27 
Oct. 29 
Oct. 23 
Oct. 30 
Oct. 19 
Oct . 25 
Oct. 16 
Oct. 8 
Oct. 17 
Oct. 19 
._..do — 

. do 

Oct. 16 
Get. 19 
Oct. 31 
Oct. 26 
Oct. 15 
Oct. 11 
Oct. 9 
Sept. 28 
Sept. 24 
Oct. 2 
Oct. 1 
Oct. 4 
Oct. 10 
do — 
Oct. 15 
Oct. 14 
Oct. 8 
Oct. 5 
Oct. 17 
Oct. 8 
Oct. 12 
Oct. 14 
Oct. 8 
Oct. 17 
Oct. 15 
Oct. 18 
Oct. 27 
Oct. 28 
Oct. 13 
Oct. 15 
Oct. 22 
Oct. 13 
Oct. 19 
Oct. 14 
Oct. 12 
Oct. 9 
Sept. IS 
Sept. 23 
Sept .20 
Sept. 30 
Sept .22 
Sept. 15 
Sept. 14 
Sept.l8 
Sept. 25 



Average 
date of 
last kill- 
ing frost 
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Dates of first kilUng frost in autumn and of last TcilUng frost in spring at 
Weather Bureau stations throughout the United States — Continued. 



station. 



Date of 
earliest 
reeorded 
killing- 
Irost in 
autumn. 



Bapid City, S. Dak 

Lander, Wyo ■ 

Salt Lake City, Utah 

Grand Junction, Colo , 

Cheyenne, Wyo 

Korth Platte, Nebr 

Denver. Colo 

Amarilio, Tex 

PueWo, Colo 

Dodge, Kans 

Oklahoma, Okla , ^ 

Fort Worth, Tex . 

Abilene, Tex 

El Paso, Tex = 

Santa Pe, N. Mex : 

Yuma, Ariz 

Phoenix, .4riz , 

Spokane. Wash 

Walla Walla, Wash : 

Seattle, Wash 

Portland, Oregr 

Tatoosh Island, Wash 

Roseburg, Oreg i 

Baker City, Oreg ' 

Winnemueca, Xey 

Eureka, Cal I 

Bed Bluff, Cal— - ' 

Sacramento, Oal ' 

San Francisco, Cal 

Presno, Cal _ '■ 

San Luis Obispo, Cal. 1 

Los Angeles, Oal - 

San Diego, Oal I 



Sept.W 
Aug. 23 
Sept. 22 
Sept. 14 
Aug. 29 
Sept. 10 
Sept. 12 
Oct. 16 
Sept.l2 
Sept.23 
Oct. 7 
Oct. 22 
Oct. 25 
Oct. 30 
Sept. 28 

None. 
Nov. 9 
Sept. 7 
Se])t.28 
Oct. 18 
Oct. 13 
Nov. 1 
Oct. 9 
Sept. i 
Aug. 22 
Nov. 7 
....do — 
Oct. 28 
Dee. 20 
Nov. 18 
Nov. 19 

None. 

None. 



Date ol 
latest 

recorded 
killing 

frost in 

spring. 



May 20- 
June IS 
.-.do... 
Apr. SO" 
June 11 
May 23 
June 6 
May 23 
..-do — 
May 11 
Apr. 30 
May 1 
Apr. 16 
Apr. 22 
May 18 

None. 
Mar. 31 
June 8 
May 3 
May 10 
May 9 
Apr. 10 
May 16 
June 24 
May 11 
May 1 
Apr. 9 
Apr. 26 
Apr. 20- 
Apr. 14 
Apr. 8 
. do 

None. 



Average 
date of 
first kill- 
ing frost 
In au- 
tumn. 



Sept. 20 
Sept. 11 
Oct. IS 
Oct. 29 
Sept. 16 
Sept. 28 
Oct. 7 
Nov. 1 
Oct. 5 
Oct. 15 
Oct. 31 
Nov. 19 
Nov. 15 
Nov. 10 
Oct. 19 

None. 
Dec. 7 
Oct. 17 
Nov. 1 
Nov. 22 
Nov. 16 
Dee. 15 
Oct. 30 
Sept. 27 
Sept. 24 
Dec. 8 
Nov. 25 
Nov. 15 
Dec. 13 
Dec. 15 
Dec. 17 

None. 

None. 



PROTECTION FROM FROST. 

A discussion of methods of protection from frost calls for a consid- 
eration in great detail, not only of the several approved processes of 
jjrotectidn and the extent to which they can be applied in connection 
with the various crops, but also the value of these processes under the 
varying conditions of local topography, local climate, and local soil 
conditions. 

It is evident, in the light of the foregoing statements, that fruit and 
vegetable growers in rolling and hilly country, or when located in the 
lee, as regards west to northwest winds, of bodies of water, can, to some 
extent, so place in their earlier and tenderei' fruits and crops that they 
will, in the first instance, avoid the lowlands and valleys, and in the 
second take advantage of the more moderate and moist air that crosses 
water surfaces. For further protection the grower must depend upon 
artificial appliances. These appliances are designed to produce the 
following effects or results : To prevent a rapid radiation of heat from 
the earth ; to charge the air with moisture ; to warm the air ; to create 
artificial drafts, whereby the air is mixed and the cold air is not 
allowed to settle to the surface of the earth ; or to actually cover or 
roof in plants. 
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DEVICES FOR PREVENTING RAPID RADIATION OE HEAT. 

Devices designed to prevent a rapid radiation of heat from the earth 

include screens which can be drawn over plants, vineyards, and gro\-es ; 
loose substances with which low plants may be covered ; and smudge 
fires built to the windward of areas for which protection is desired. 
These devices, which of a necessity are operative for very limited 
areas, are described by Professor Hammon in Bulletin Xo. 23, 
Weather Bureau, as follows: 

Glass screens. — In greenhouses and hotbeds advantage is taken of the pecul- 
iar property of glass which allows the heat rays of the sun to pass through it, 
and is almost impervious to the dark heat rays from the earth and plants. 
This is one of the most perfect screens possible, since it not only prevents the 
loss of heat by radiation, but receives and retains the heat from the sun. The 
expense precludes Its adoption except for the protection of valuable plants 
and flowers. 

Screens of other solid materials have been qiilte extensively used in protect- 
ing vineyards and citrus groves where intense cultivation Is practiced and 
where the location of the groves near an excellent market admits of profit 
even with expensive methods of cultivation. 

Cloth screens. — In Italy and portions of France screens made of muslin strung 
pn wires stretched on poles above the tops of trees or vines have been used 
extensively. These sci'eens are drawn on nights when frosts are probable, and 
are pushed back during the day. When the season has advanced so far as to 
preclude further danger, they are taken down and stored. Of course such a 
plan could be operated only on a very limited scale, and would then be ex- 
pensive. This plan has been recently successfully tried in the orange groves 
of southern California. 

lath screens. — During the past few years screens made of laths fastened to 
ordinary telephone wire (the spaces between them being about the width of the 
laths) have been extensively used in Florida. These are spread over a frame 
erected above the trees or plants. The screens serve not only as a fair protec- 
tion from frost, but also as a shade from the hot sun. When no longer needed, 
they can be rolled up and stored away for preservation. At first thought It 
would seem improbable that a screen covering only half the space (the spaces 
being as wide as the laths) would afford much protection ; but when it is con- 
sidered that laths have considerable thickness it is plain that while only one- 
half the vertical rays are screened those inclined between the vertical and 
horizontal are partially intercepted by the edges as well as the faces of the 
laths. As a matter of fact, about three-fourths of the sky is screened by this 
means. By placing the laths in north and south directions the direct rays of 
the morning snn are completely cut off from the orchard, which admits of the 
temperature rising slowly. This reduces the liability of injury to plants. 

Other methods. — Strawberries and other low plants are frequently protected 
by covering them with strsiw or other loose substances. 

Frequently young potato plants are saved by plowing a furrow alongside and 
allowing the dirt to bury them. 

Cranberry growers in the marshes of Wisconsin flood the marshes when frost 
is expected. In this case the protection is probably due, for the most part, to 
the high specific heat ot the water, as only portions of this land are submerged. 

Smudge fires. — Since on cloudy nights radiation is so reduced as to prevent the 
formation of frost, many have thought that an artificial obscuration of the sky 
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by means of dense smoke would be an excellent means at protection. Tlie 
efforts of this character which have been made have resulted in decidedly 
varying success. In the wheat fields of the Dakotas excellent protection was 

obtained iu limited areas, whi'<; the exi)erience of orchardists in Florida and 
southern CaJifornia has not shown such uniform success. 

Since it was supposed that the protection resulted from the obscuration of 
the sky by means of smoke, the best protection was expected from the use of 
that fuel which would produce the greatest smoke. 

In the Dakotas the best and most convenient material at hand was the straw 
of the previous year's crop, which had been left in the fields all winter and 
through the rainy spring, until it was quite thoroughly soaked with water. 

In southern California and Florida straw was scarce, and where it could be 
obtained it was much drier than that used iu tho Dakotas. Consequently tar, 
crude petroleum, and other similar smudge materials were substituted ; but 
the results have not been, as a rule, satisfactory, although the smoke was 
equally dense. However, quite successful results were obtained by Mr. Buck, 
Mr. La Rue, and others in the Vacaville and Sonoma sections by burning damp 
stable manure in sacks scattered throughout the orchard. 

Devices for preventing a rapid radiation at night of the heat ab- 
sorbed by the earth during the day can be utilized only for compara- 
tively small areas. The screen devices, also, by reason of their cost, 
are available only for the smaller orchards and vineyards whose prod- 
ucts command early market prices ; the same may be said of coverings 
of straw and other materials for strav\-berries and other low plants. 
Smudge fires can be used to advantage for orchards, vineyards, and 
ground plants, and even for the smaller grain fields, and would be 
particularly efiicacious in protecting crops and plants in low or bottom 
lands over which, on still nights, the smoke from smudge lires would 
settle. There is no device at present known that will, by preventing 
a rapid radiation of heat, afford any material protection to the great 
grain fields of the West and Northwest. 

DEVICES FOE. ADDING MOISTURE TO THE AIE. 

Smudge fires made of damp material have been more successfully 
used for the purpose of affording protection from frost than those 
made of tar, crude petroleum, and other dry materials, for the reason 
that in addition to creating a dense smoke tliey add to the atmosphere 
a considerable amount of evaporated water, which, though invisible, 
serves -to retard the radiation of heat. When any considerable 
amount of water is thus converted into vapor and is distributed in 
the air which covers the area to be protected, a portion of it is likely 
to be condensed by the surrounding cooler air and appear in the 
form of mist, which acts as an agent to prevent the escape of heat 
from the earth ; and the act of condensation sets free in the air some 
of the heat that has been expanded in the process of evaporating the 
water contained in the smudge-fire materials. Thus the process is 
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well ordered throughout. In the first place, an undue quantity of 
heat, whereby undesirable drafts would be created, is not communi- 
cated to the air by the fires, and the final result is that in reliberating, 
by condensation, the water in the air the particles of moisture remain 
suspended in the air, and some of the heat of the fires is returned to 
the air in a form which, to a certain degree, warms it without caus- 
ing currents which would be calculated to disturb the smoke cloud, 
or pall, and the moist air which overlie the ground and upon whose 
presence the safety of the plants from frost depends. 

As smudge fires made from damp materials are one of the recog- 
nized devices which have been found to be more or less effective in 
affording protection from frost, the following description of methods 
which have been adopted for utilizing them in orchards is quoted 
from Bulletin No. 23, already referred to : 

Fires of damp straw and stable manure. — Have the fuel, in small piles, dis- 
tributed througliout the orchard in advance; the more numerous the piles the 
better. .With the same amount of fuel the best protection is obtained from small 
and frequent fires, since with small fires the upward draft is reduced to a min- 
imum, and the more frequent the fires the more uniform will be the distribution 
of heat. 

Sacks of manure. — A decidedly preferable method Is to pack damp stable 
manure in common grain or burlap sacks, by which it can be conveniently 
handled. They should be distributed through the orchards in rows about 100 
feet apart and about 50 feet between sacks in each row. When it is found neces- 
sary to protect, a small amount of coal oil is poured upon each sack and ignited. 
It is usually unnecessary to fire more than every second or fourth sack, the re- 
mainder being left for later occasions. These sacks will burn with a smoldering 
fire for several hours. 

The amount of heat which is set free by burning one sack of manure weighing 
about 50 pounds and condensing the water vapor near the earth would be suffi- 
cient to raise the temperature 20° in a space 75 feet square and 25 feet deep. If 
one-fourth of this heat remained within this region needing protection, which 
seems to be a reasonable estimate, ample protection would be obtained for almost 
any ordinary conditions. 

Bales of wet straw. — Mr. T. A. Morrison, of Riverside, Cal., suggested the use 
of a similar plan, in which bales of wet straw were substituted for manure. 
This plan has been tried with fair success. One hundred pound bales are cut 
in four pieces, a tie wire being left about each piece, and if properly dampened 
will burn with but little care, causing a small smoldering fire. 

Prunings. — The prunings of the trees, which are usually removed shortly be- 
fore the period when frosts are likely to do their greatest injury, are excellent 
smudge material, and should always be preserved for this use. They should be 
piled in open spaces throughout the orchard or vineyard and burned at times 
when protection may be needed. The best results will be obtained from as 
small fires as will result in burning the prunings. 

Portable smudge fires. — A number of excellent devices have been 
tried, in which the fires were built upon some vehicle by which they 
could be moved about the orchard. The advantages of this plan are 
several. 
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First. The fire can be moved to the section where most needed, 
which is generally along the windward side of the orchard. 

Second. The loss of heat by an upward draft is almost entirely pre- 
vented, since the fire does not remain in one position long enough to 
establish such a draft. On this account much larger and, conse- 
quently, fewer fires, with equal efficiency, are possible. 

Third. There is a much more uniform distribution of heat and 
smoke throughout the orchard. 

As smudge fires prepared and applied in the manner above indi- 
cated are inexpensive, to a degree effective, and easy of operation, 
they constitute the method which for practical use and utility seems 
best adapted for general use in orchards, vineyards, gardens, truck 
farms, and small fields, as a protection from frost. Among the many 
devices that have been employed for holding and carrying these fires 
the following has been used with especially satisfactory results by 
a fruit company of Visalia, Cal., and will doubtless prove equally 
effective in other sections: 

Wire frames (chicken-yard fencing) are built on low truck wagons and 
stretclied from four wagon stakes and lieaped over with wet manure. Dirt is 
then thrown on the wagon beds to protect them, and pots of burning tar are set 
underneath the straw roof. A barrel of water on the wagon Is used to keep the 
straw wet. The wagons are driven about and do the best work, as they can go 
wherever the most needed. The smoke and vapor are carried to the rear as the 
wagon moves, and, being carried at once out of the rising heat, fall close to the 
ground in a long, white trail. At daylight 400 acres of orchard are covered 
with a white fog, extending from the ground to about 20 feet high. Similar 
fires are used as stationary smudges, the wire netting being stretched between 
four stakes driven in the ground. 

Crude petroleum, supplied to a burner from, a tank on a wagon or 
truck, has been used with success by Mr. E. H. Howard, of Eiverside, 
Cal. Over the burner is placed a large wire basket containing min- 
eral wool, which is kept saturated with water supplied by a tank, also 
placed upon the wagon. Wet straw and manure can also be used. 
The apparatus can be driven where most needed. The burning coal 
oil gives off' a dense smoke, while the wet mineral wool furnishes a 
vast surface from which evaporation can take place, and at the same 
time the material will not be consumed. 

DEVICES FOB, CHARGING THE AIR WITH MOISTURE. 

Aside from the smudge fires. Bulletin No. 23 quotes devices which 
have been adopted to charge the air directly with moisture, some of 
which are constructed on a plan too elaborate and expensive for gen- 
eral use. 

The first operation involved is the evaporation of water in large 
quantities, either by means of evaporating pans or by the use of boil- 
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ers with connecting pipes whereby steam can be generated, carried, 
and thrown into the air in diflPerent parts of a field or orchard. 

Spraying and sprinkling plants in times of threatened frost has 
also been attended with some degree of success. At the Everest 
ranch, at Riverside, Cah, sprinklers are placed at the top of 50-foot 
masts, which fill the air with a very fine spray. In nearly every in- 
stance the protection against frost by this method has been sufficient. 

Sprinkling gardens before sunrise on frosty mornings has proved 
of decided valne. 

Secondly, irrigation, which of necessity can be used only to a very 
limited extent and in certain favored localities, has been found to 
afford very complete protection from frost in fields, orchards, and 
vineyards which are equipped with irrigation ditches, and in the 
cranberry districts of Wisconsin perfect protection from damage by 
frost is secured by flooding the cranberry marshes the day before 
heavy frost occurs in that section. 

In no case should water be allowed to stand in orchards, vineyards, 
or gardens during the early growing period while danger from frost 
is possible, for the reason that water unduly promotes the growth of 
young plants and thereby renders them more susceptible to damage 
by frost and cold than arc the plants whose growth is retarded. 

The. third operation involved in the California experiments was a 
direct heating of the air by means of fires. It was found that large 
fires caused a strong upward draft of air, which had the effect of 
drawing iii cooler air from the sides, and that well distributed small 
fires Avere attended by very satisfactory results. 

The following final report of the Riverside Horticultural Club 
covers the results of experiments made during the winter of 1897-98 : 

With the assistance of fifteen or twenty citizens interested in the study of the 
points invoU'ed, a most complete test has been made of the many different moth- 
orts employed to prcTont frost damage. With such a force of competent and im- 
partial observei's it was possible to secure data of much value in forming an 
estimate of the efficiency of the various plans made use of. Careful comparison 
was made between those orchards where no work was done, and where no direct 
effect of the fire was probable, and those where the different methods were 
being tried. As indicated by our partial report at the last meeting of the club, 
these tests were in some particulars eminently satisfactory as showing the way 
to definite conclusions. 

The exceptionally long period of cold following gave additional opportunity to 
verify the first eonciusions reached, and subsequent investigations made by our- 
selves, as well as by other citizens who have awakened to the i)ossibi]ity of i)ro- 
tecting their property, strengthened and confirmed the opinion formed as the 
result of the tests already partially reported upon. 

Some theories are proved to have little practical value, and members of your 
committee have modified their views somewhat In consequence. No precon- 
ceived notions have been allowed to stand in the way of a thoroughly practical 
study of the facts as they exist, to the end that the growers may not, for the 
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lack of definite knowledge as to the directions their efforts should take, neglect 
reasonable precantions hereafter to insure the safety of their crops. These, 

however, are our conclusions : 

First. There is no doubt whatever that the temperature of our orchards may 
be materially raised by the use of dry heat. 

Second. The radiation of the earth's heat can be considerably lessened by 
moist smudges, when these are started early enough and are properly managed. 

Third. The possibility of raising the dew-point on one of the dry, cold nights 
peculiar to our climate sufficiently to prevent damage, by means of steam-pro- 
duciug apparatus, seems impracticable. 

Fourth. Fruit and trees can undoubtedly be saved, even in the coldest see- 
tious, by covering them with cloth or jiiatting, but the expense involved makes 
this method impossible on tlio ])art of the ordinary grower. 

Fifth. It is found that the temperature In an old seedling grove, or where tall 
wind-breaks afford to smaller fruit trees a like protection, the temperature is 
almost Invariably 1° to 2° higher than in exposed orchards in the immediate 
neighborhood. This fact seems to thoroughly upset the theory, strongly held 
by many Intelligent growers, that the tall, well located wind-break is a disad- 
vantage, the contrary seeming to be the truth. 

Sixth. It is found that the temperature 20 feet abcs o the ground is 1° to 2° 
higher than at the surface, and that, as a rule, when the cold is severe enough to 
injure the ripest fruit 50 feet from the ground there Is almost invariably a tem- 
perature above the freezing point of water. 

Professor Zumbro, who has given especial attention to this matter, finds that 
at the height of 50 feet the temperature is from 5° to 10° higher than at the 
surface when the air is not In motion. When there is any considerable breeze 
it varies but little. 

Seventh. Our conclusion is that, all things considered, the coai baskets, snfli- 
ciently numerous, will prove the most satisfactory and effective means of warm- 
ing the orchards yet made use of. It Is true the oil pots make a far hotter fire, 
and are neither exisenslve nor difiicult to manage ; but the deposit of lamp black 
upon tree and fruit resulting from their use condemns this system for general 
use. 

As to the value of smudging the members of your committee are not so well 
agreed. Because of less sharply defined results, we find It more difficult to 
come to definite, at least uniform, conclusions. But, under certain conditions, 
we are convinced that, properly used, it may be made a valuable means of pro- 
tection. We think this especially true In localities where the temperature falls 
only a little below the danger point, and where there are considerable solid 
areas of young orchards exposed. Here it will work well if the protection is 
made general. But where the danger is considerable we think It wise to be 
prepared to use dry heat, even where in connection with the smudge. The bene- 
fit from smudging Is probably as much from its protecting fruit and trees from 
the sudden rays of the morning sun after a freezing night as from modifying 
temperature during the time of danger. 

Experience demonstrates that flooding or running water In connection with 
dry heat or smudging is a valuable adjunct. One of the connuittee who has 
been testing this matter carefully for three years is disposed to think that the 
direct benefit from running water is overestimated by a majority of growers. 
Its value in putting orchards in condition to withstand quite severe weather 
safely Is questioned, but the committee are inclined to think that entire depend- 
ence upon this method will occasionally result in serious loss to those who trust 
to this means alone, especially when used in young orchards. 
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As to the number of baskets needed wlien coal is used, we find that the most 
decided and satisfactory results have been gained where from twenty to fifty 
coal fires have been used to each acre. If intelligently and energetically used 
this plan will never fail, except when the mercury drops below 24° for a long 
while, and even then it is believed the larger portion of the crop may be saved 
If anything like a general use of such fires be secured. The smaller number of 
fires named has, in numerous instances, and even when a man was working 
alone, secured a rise of from 3° to 5°, and saved a crop. Can it be doubted that 
50 fires per acre, used in every orchard, would save both trees and crop on the 
coldest night ever known in California's history? 

To equip an orchard with 50 baskets to the acre means an outlay of only a 
little over $5. The fuel to run them one night costs from $2.50 to $3. If a 
crop of navels upon it is worth $400 it will pay well to spend in labor and fuel 
$4 per night, or 1 per cent on the value of the crop to insure its safety. In the 
orange region of southern California it is not unusual to have more than two or 
three nights in a season when the fruit is in danger. But even if, as in the 
present season, the period of cold is more extended will it not pay to expend at 
least as much as one pays for his irrigating water to insure the safe maturing 
of a crop it has cost him a year's labor and heavy expense to produce? The con^ 
elusion is obvious that we have only to provide for the Insurance of this sort of 
property exactly as we would in the case of that liable to destruction by fire, 
to be enabled to follow the business of orange and lemon growing with the 
certainty of having perfect fruit to market at the season's end. 

While the practicability of protecting our orchards from frost seems estab- 
lished, the problem of the most economical and scientific means of accomplishing 
this is probably yet to be solved. However well the wire baskets may serve us 
now, there will doubtless be improved method for burning coal, and even other 
material may be found that will serve the purpose better ; and while wet straw 
seems to be at i)resent the most available for smudges, doubtless, when the 
need is made known, chemists will find some vapor-producing material more 
compact, efficient, and economical. Hence we recommend that the elub appoint 
a permanent committee to continue these investigations. 

GENERAL OBSERVATIONS AND PRACTICAL RESULTS. 

WORK IN TEXAS. 

In a paper read before the annual meeting of the Texas Farmers' 
Congress and Texas State Horticultural Society in joint session at 
College Station, Tex., July 26, 1899, Mr. Joseph L. Cline, observer. 
Weather Bureau, submitted the following remarks on " The use of 
frost and temperature warnings in protecting fruits and truck gar- 
dens : " 

It has been proved that a good way for protecting berry crops is to cover with 
hay. Berries are improved by mulching. Prairie hay used for this purpose can 
be cut and placed in the fields, ready for covering the plants when frost is indi- 
cated, at a cost of about one dollar a ton. Ten tons per acre are considered 
sufficient for protection against any freeze. The cost of labor for cover- 
ing the plants would be about two dollars an acre additional. As the hay 
is required for mulching, the cost is considerably lessened when the liay is 
utilised for that purpose. Berry crops which were covered prior to the freeze 
of last February yielded four times as much as unprotected plants, and unpro- 
tected plants were generally killed. Cabbage, potatoes, and other vegetables 
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can be protected from frost by hay, and the increased yield will more than pay 
for the expense Involved. Eice growers along the east Texas coast can raise 
vegetables throughout the winter on their rice plantations by protecting them 
from frost. The plantations can easily be flooded during freezing weather, 
which is always of short duration, and the water would protect and do very 
little or no damage to the vegetables, which are remunerative during the winter 
season. 

The method of burning stakes soaked in petroleum or kerosene oil throughout 
the fields can be applied not only to the protection of maize, but fruit orchards 
as well. By means of burning stakes fields will be enshrouded, when the wind 
is light, in a continuous cloud of smoke. This will* in many instances, prevent 
frost from occurring. The stakes must not be set so close to the fruit trees 
that the heat will affect the branches. 

« « % « 4: lie 

In France frost bells are sounded when frost Is expected, and grape growers 
protect their crops by pouring tar on the ground among the vines and setting it 
on fire. The smoke thus made often saves the crop of an entire vineyard. 
Bituminous coal burned in baskets is less expensive and has been successfully 
used. Forty to fifty baskets of coal per acre are required, and the more used 
the better would be the result. Strawberry crops can be protected in this man- 
,ner at a cost of $4 to $6 an acre. 

The following letter from Capt. B. F. Johnson, president Gulf Coast Horti- 
cultural Association, gives an idea as to what can be done in protecting crops 
[by showing what was done in February, 1899] : 

" I was in Galveston, Tex., on the morning of February 11, 1899, and upon 
hearing that a freeze was expected I called at the United States Weather 
Bureau office, and was informed that the hardest freeze of the season was 
threatened. I immediately gave orders over the long-distance telephone to my 
employees at Arcadia to cover up all hotbeds and also all plants already trans- 
planted. All the plants in hotbeds were carried through the freeze by protection 
and saved from injury. I had about 7,500 cabbage plants set out, and on 
account of my employees not going to work as directed we did not reach these 
until ice had formed over some of the plants. I took the first train out of Gal- 
veston, which was in the afternoon, and upon my arrival at Arcadia we con- 
tinued protection, notwithstanding the fact that Ice had already formed over 
the plants. We placed a handful of hay over the north side of about 1,000 
cabbage, and at least 750 of these came through the freeze uninjured, while all 
the unprotected were killed. The varieties protected were the Jersey-Wake- 
field and Henderson-Succession, and I could see no difference between the two 
after the freeze. Had my employees carried out the instructions given them in 
the morning I would have saved 75 per cent of the 6,500 unprotected plants 
which were killed, and this would have yielded me about $150 net. I had If 
acres of Irish potatoes planted in January, which were up to fair stand. These 
wore not protected and were all killed. I had about one-sixteenth acre planted 
with hand planters the 1st of February. These were protected with vines from 
old sweet potatoes grown on the ground the previous year. Fully one-eighth 
of these came up after the freeze with this light protection, and thus enabled 
me to put the first potatoes on the Texas market, and they brought me $3 a 
bushel net. If I had been prepared and protected the IJ acres planted in Jan- 
uary I would have received a nice little sum, and more than ten times the 
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cost of protection. Strawberries not mulched were virtually killed, while those 
mulched made an average crop. The great value of protection to berries In 
case of freezing weather has been forcibly illustrated. The entire crop of early 
berries (the only berry crop which pays well) would have been a total failure 
without protection." 

The following communication of Mr. M. M. Oox, president of the League City 
Truck Growers' and Farmers' Association, League City, Tex., gives further the 
manner and value of protecting crops from the frost and freeze during the ab- 
uormally cold weather of February 12 and 13, 1899. Mr. Cox says : 

" I had two acres of strawberries — Noonan and Mitchell varieties — which 
were blooming and fruiting nicely. In anticipation of a freeze we placed hay 
for mulching purposes between the rows, which were about 3 feet apart. "Upon 
the receipt of the telegram, Saturday morning, February 11, 1899, announcing 
the approach of a freeze, I got word to the man who had charge of my berry 
crop. He immediately went to covering the vines with hay previously placed 
in the berry patch and succeeded in covering 20 rows. The vines of the pro- 
tected berries were practically uninjured, while the unprotected plants were 
frozen to the ground and many of them totally killed. From these 20 rows, 
about one-fourth acre of protected plants, we picked berries nearly three weeks 
before the unprotected berries were ready for market. The one-fourth acre 
of protected berries yielded me more than the remaining IJ acres altogether. 
In fact, we got the bulk of our crop — a little more than $300 net — off this one- 
fourth acre. If we had used more hay for covering we could have saved the 
blooms and berries already on the vines notwithstanding the severity of the 
freeze, as some berries were saved as it was. 

" Others in League City protected berry crops with the same results as those 
which attended our protection. 

" Hotbeds protected for ordinary freezes were killed, but some put extra 
covering on the beds, using blankets, and thus saved their plants without in- 
jury. Those who i)rotected in this manner were setting their plants in the field 
while others were sowing seeds in the hotbeds, and were thus at least- four 
weeks ahead with their crops for the market. 

" The warniugs of the Weather Service promise much for the coast country." 

Mrs. C. W. Benson, Alvin, Tex., in writing of protection of crops, says : 

" In past seasons the advance notices of frost and freezing weather given out 
by the United States Weather Bureau have been distributed among the truck 
growers by messenger service, and by this means have saved our planters who 
protect their crops thousands of dollars. 

" In 1899 all crops were carried through safe until the severe freeze of Febru- 
ary 11, and in several instances tender crops were successfully protected and 
carried through this freeze even when the mercury stood at 4 degrees above zero 
or 28 degrees below the freezing point. The principal crops protected were 
tomatoes, cucumbers, cabbage, and strawberries. The three first mentioned 
were still in hotbeds or cold frames, and were protected by covering with hay to 
a dQpth of about 1 foot, over glass or canvas. Berries were protected by turning 
over mulch and covering up plants from 4 to 6 inches in depth. This mulch had 
already been placed b(!twoen the rows to retain moisture and keep the berries 
clean on plants. This protection did not save blooms, but the plants so pro- 
tected came through the freeze with much less damage and produced more fruit 
than the unprotected plants. I judge that the protection was fully worth $30 
per acre, as prices of berries remained firm all through the season on account of 
general scarcity of fruit. About 25 acres were thus protected from the freeze. 
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" The value of tlie tomato crop savecl tlii'ough protection from this freeze 
a voraged fully $125 per acre in spite of the subsequent drought, which extended 
from February 14 until after the crop was marketed, with the exception of a 
few slight showers, which were insufficient for general growth of plants. With 
rain as in an average season the crop would have paid $250 per acre, and enough 
plants were carried through this freeze by iirotection to set 17 acres. 

"About 200,000 cabbage plants were carried through tliis severe freeze of 
February aiut successfully transplanted. These would luiv(.' netted the growers 
$8,000 with sufficient rain during the growing jierlod. The ^•n]^e of the cucum- 
ber crop from actual results was about $1,000, which would have increased 
1,000 per cent in an ordinary season, but they were held back for lack of moisture 
until the north Texas crop was on the market, as cucumbers which sold at from 
40 to 50 cents per one-third bushel box would have netted from 75 cents to $1.25 
per dozen. 

" Protection of crops enables the grower to generally reach the first markets, 
but without the advance notices of frost and freezing weather it would b(> ini- 
jiracticable to protect ; our people would bear the expense of the warnings 
rather than do without them." 

WORK m LOUISIANA. 

Probably the most extensive experiments for the protection of 
citrus fruits in the Southern States have been conducted in a large 
orange orchard near Diamond, La., under the management of Mr. 
Hewitt Chapman. In the Report of tlie Louisiana Section of the 
Climate and Crop Service of the Weather Bureau for February, 
1899, this grove and some of the methods employed to protect its 
crop are described by Mr. Alexander G. McAdie, of the Weather 
Bureau, as follows: 

The orange orchard is about 43 miles south of New Orleans, near the river, 
and about 20 miles north of what is considered the safe orange belt of Louisi- 
ana. The grove covers 130 acres and contains" 15,000 trees, including Creole 
Sweets, Mandarins, and Satsumas; sweets budded on Trlfoliata and Pomeloes 
on sour stock. These young trees withstood the frosts of .January 1, December 
4, 9, 10, 11, 1898. The writer visited this grove on I>eceuiber tl, when ice one- 
quarter inch in thickness could be found along the roads and in exposed 
places. The orchard is irrigated by means of river water carried over the levee 
by a direct-acting piimp, 6 by 8, worl^ed by a 40-horsepow(u' boiler. The 
pump dispenses with belt, pulley, and engine. To flood the whole orchard of 
50 acres to a depth of 1 inch would require 5,650 tons of water, or 1,357,700 
gallons. Barely one-himdi'edth part of this quantity of water is required. The 
water pumped from the river over the levee goes into a main ditch, from which 
run subditches, each subditch feeding two small inlets through the oi'chard be- 
tween each line of trees. The distance between the trees averages 12 feet. Thi; 
middle ground is cnltivaled and level so that the water can run in a steady 
stream to and out through the quarter drain into the drainage ditches which 
are 1 acre apart, running parallel into the rear canal. 

The grove has a northern exposure; fronts on the river; the land runs west 
and east, falling slightly from the river; and there are no wind breaks. It is 
also proposed at this orchard to experiment with the various types of smudges. 
One portion, about 10 acres in extent, will be protected by smudge fires, some 
portable and some stationary. In another section, covering about 30 acres, 
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the bodies and lower portions of the orange trees are to be wrapped with native 
hay. In the third section the dirt Is to be hilled up about the trees; while in 
the fourth the trees are to be wrapped with floor matting. 

In the methods described above for the protection of trees it was thought that 
colder weather than that of February, 1895, was not likely to occur again. It 
appears that the pumping plant, on wliich groat reliance was placed, did suc- 
cessfully hold back the trees up to about February 2, 1899, but the extremely 
warm weather of the 3d, 4th, and 5th started the sap and forced growth. It 
is doubtful, however, whether water protection is adequate under such severe 
tests. All the orange trees above ground appear to have suffered badly, in 
nearly every case the tree being killed. Those trees which were wrapped 
with matting likewise suffered and the protection again appears to have been 
inadequate to withstand such extreme cold. In the section where the earth 
was hilled up around the trees the results were very satisfactory. It is 
thought that about 4,000 trees have been saved by this means. An inspection 
of the orchards as late as March 5 Indicates that notwithstanding the severity 
of the test, there is reason to believe that orange trees can be protected suc- 
cessfully by hilling up the earth. 

The devices employed in Louisiana, as described above, were found 
to be an effective protection against damage by frost, and the protec- 
tion ailorded by irrigation and b\- wrapping the bodies and lower 
portions of trees with hay was sufficient for ordinarj' freezes. During 
the unprecedented cold of February, 1899, the section in which dirt 
was hilled up about the trees was the only one in which trees escaped 
serious injury. 

WOBK IN FLORIDA. 

Devices used in Florida for the protection of fruit, vegetables, and 
berries from frost and light freezes conform in character to those 
tested in the California experiments, in which fires were found to be 
the most effective means of protection, and appliances for adding 
moisture to the air were successful only to a slight degree. 

As artificial appliances are totally inadequate to add to the atmos- 
phere any very appreciable amount of moisture, it is evident that 
methods which may have been found ineffective in the dry climate of 
California would possess value in localities where their office is con- 
fined to adding moisture to an already moist atmosphere. The Gulf 
and South Atlantic Coast States, and in fact tlio country generally 
from the Mississippi Valley to the Atlantic seaboard, possesses a 
moist atmosphere, and the fruits and tender vegetables of these dis- 
tricts can, therefore, be the more readily protected from frost by 
devices which add moisture to the air. As a means of adding moisture 
to the air, irrigation should be more effective than in California ; and 
in localities Avliere this method can be used protection will be assured 
except against hard freezes. 

Owing to the comparatively inexpensive character of the materials 
used in damp smudge fires, they seem the best adapted for common 
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use in groves and gardens. Berries and other low plants can be pro- 
tected with but little expense by coverings of straw and other light 
materials. In Florida pine needles are successfully used to protect 
strawberries. Devices for actually heating the free and open air are 
expensive, and their value is dependent solely upon a comparatively 
still air and small, numerous, and well-distributed fires. 

In Florida many experiments have been made with a view to adopt- 
ing devices which will protect citrus trees and fruits from injury 
during the periods of severe cold which at times visit that section. 
The fact that these periods of cold are infrequent does not relieve the 
grower from the necessity of providing for their occurrence. Effective 
measures of protection necessarily vary with the conditions that con- 
front the grower. Protection can be made effective by tents, cover- 
ings of cloth, sheds, and one-half and one-third lath shelters and their 
modifications, that retain heat from open wood fires and sheet-iron 
stoves. The expense of these methods is obviously too great to make 
their employment, except for choice varieties of fruit, commercially 
profitable. 

In this State protection of citrus trees and fruit in the open field 
is usually afforded by what is known as " firing." This method is 
effective, except in the presence of severe freezes, provided ruin or 
strong winds do not accompany the cold. Heavy rain will, of course, 
extinguish the fires, and strong winds will not permit a necessary 
accumulation of warm air about the trees. When no rain is falling 
and the wind is light, fires must be built on the windward side of the 
trees, so that the heat will be carried through the trees, and the num- 
ber of the fires must be regulated by the degree of cold. Tu this form 
of protection the grower must lay in and place his materials for 
" firing " before the winter season sets in, and must, during the sea- 
son, be on guard to utilize the materials (usually wood) that he has 
accumulated. When local indications point to dangerously low 
temperatures, or when warnings have been received from the Weather 
Bureau, he should watch his thermometers, exposed in the groves, 
and be prepared to " fire " with a rush when the mercury sinks to 
the danger point, 28°, with a downward tendency. There is no time 
on. llie e\ c of a freeze to collect firing materials, and the grower must 
not desert his grove for bed or board so long as danger by cold con- 
tinues. He will have his hands full keeping his fires going, even if 
he has sufficient material for that purpose. ^Material should be 
available for at least three nights. Cold spells seldom last longer. 
The danger increases with the length of the cold spell. Trees and 
fruit become chilled and tlie last night of a cold spell is likely to be 
the one that does the damage. The freeze of December 23-27, 1906, 
lasted five nights, and in some sections the last night produced the 
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lowest temperatures of the period. In some localities growers had 
exhausted their supply of firing material and, as a consequence, suf- 
fered a loss of fruit and young trees. 

In cases of severe cold fruit can not be saved, and trees can be pre- 
served only by banking up the trunks by sand or soil. Small trees 
can be buried, and older trees can at least be protected above the parts 
where they have been budded. 

The damage that will result from a given degree of cold varies 
with the condition and size of the tree. Well-grown trees in a dor- 
mant condition will stand without serious injury, except to foliage, 
a temperature of 18° to 20°, provided it is not too long continued. 
When the sap is flowing these temperatures are likely to kill growing 
trees, and are apt to cut small, unprotected trees to the ground. 
Weil-grown trees in a dormant condition will stand without injury 
a temperature of 26° of continued cold, and can for several hours 
stand temperatures of 22° to 24°. When the sap is flowing these 
temperatures continued for several hours will be more or less injuri- 
ous. Cold that will freeze fruit will injure small trees. In the 
freeze of December 23-27, 1906, temperatures in parts of the orange 
belt fell to 20°, and even to 18° and below on one and in some cases 
two iiiglits without injury to large trees, except to foliage, and with 
a surprisingly small loss of fruit and small trees. This freeze had 
been preceded by about two months of rainless weather, and found 
the trees in a doi'mant condition. The destructive freezes of pre- 
ceding years usually followed periods of wet weather that promoted 
a flow of sap. 

Slight protection can be afforded groves by running water in iri'i- 
gation ditches, or by spraying the trees with water, each process im- 
parting some warmth to the air that is derived from water that is 
much warmer than the air during a cold spell. As it is not, as a 
rule, possible to run water in ditches made in Florida sand the irriga- 
tion method possesses little value in that State. There are precau- 
tionary measures that may in some instances be employed to ad- 
vantage. In setting out a grove there should be left, where possible, 
forest trees on its north and west sides where they will act as wind- 
breaks during cold spells. High fences are sometimes employed as 
windbreaks. Theoretically cold air drains from high to low ground, 
and groves on elevated sites are more safely located than those on low 
ground. Protection should also, where possible, be given by water 
surfaces on the west and north of groves. 

FROST SEASONS TOE SEVERAL CROPS. 

Damaging frost is likely to occur in northern Florida as early as 
the middle of October and as late as the early part of April. During 
the winter period severe freezes occasionally occur in middle and 
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northern portions of the State, and at rare intervals freezing tempera- 
ture is experienced to the southern end of the peninsula. Except on 
the keys and near the coasts of the peninsula south of about the 27th 
parallel, pineapples can not be safelj' grown in the open field. When 
grown in the interior north of that parallel, or on the more northern 
coasts, they should be afforded means of protection. This is usually 
furnished in the form of one-half or one-third lath shelters built over 
the field. Fancy varieties are often grown under glass. Strawberries 
are subject to damage during the winter and earlj' spring; oranges 
from December to the early part of February, and orange trees are 
subject to damage by freezes during December, January, and Febru- 
ary. Garden truck is especially subject to injury from January 1 to 
April 15. In the trucking districts of the interior of the Gulf and 
South Atlantic States the period during which damaging frost is 
likely to occur extends from October to April, inclusive. 

Temperature conditions are of great importance in the culture of 
rice, and a severe frost late in October may injure the grain so much 
as to cause its discoloration. Owing to the manner of growth and 
culture of this crop and the character and extent of the fields it 
covers, practically nothing can be done to avert injury from heavy 
frosts that may occur about the time of harvest. 

Tobacco growers may protect their plant beds by coverings, but 
during the critical periods following transplanting and approaching 
harvest severe frost will ruin iilants in fields which are too large for 
the successful application of the devices herein described. During 
the maturing season tobacco plants in large fields can be given protec- 
tion from damage by frost only by cutting and " frost heaping " on 
the eve of the occurrence of frost. 

Cotton will be seriously injured by low temperature' early in the 
spring whether frost occurs or not. Owing to the area covered by the 
fields, no adequate means of protection against cold and frost, suitable 
for general use, has been discovered. 

In Louisiana sugar cane is planted in the fall, winter, and early 
spring. The plants are often killed or seriously injured by frosts in 
the spring and in October and November. When frost is expected, 
the cane can be cut close to the ground and " inatrressed,'" the product 
of three rows being so laid together that the leaves of one armful will 
cover the butts of the preceding; being thus thatched the canes are 
protected from frost and will keep in this state for several weeks 
without injury. 

In the cranberry districts of New Jersey, Cape Cod, and Wisconsin, 
and in limited areas in other parts of southeastern New England, and 
the upper lake districts, which are devoted to cranberry raising, flood- 
ing is the only effective means of protection against damage by frost. 
This crop is confined to swamp or bog lands, and when danger from 
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frost is apprehended appliances for letting in a sufficient quantity of 
water to keep comparatively warm and moist the lower stratum of air 
are usually provided. 

Young potato and tomato plants can be saved from damage by frost 
by a covering of dirt. In large patches this can be accomplished by 
plowing a furrow alongside the rows of plants and allowing the dirt 
to bury them. 

Gardens can be protected from frost by coverings of straw, paper, 
or other loose and light materials, or by damp smudges ; and the latter 
device appears to be, in point of effectiveness and cost, the best 
adapted for general use not only for small areas devoted to gardens, 
but also for orchards, vineyards, and fields. The effectiveness of any 
method of protection is of course decreased as the area for which pro- 
tection is desired is increased, and there is no process yet devised that 
can give adequate protection against frost and cold in the great grain 
fields of the country. 

CONCLUSIONS. 

Experiments and observation seem to establish the following facts : 
The danger of damage from frost can be materially lessened by plac- 
ing early and tender plants on high grounds and crests, and hardier 
plants in low grounds and hollows. When ground can be selected 
in the lee, or to the south and east of considerable bodies of water, 
the danger will be further lessened. 

In the dry climate of the citrus fruit region of California and in 
the promising fruit districts of Arizona small and numerous fires, 
preferably of coal burned in iron baskets, have been found to be the 
most effective device used for protection against frost; second in 
point of utility may be placed irrigation ; and the practicable process 
which affords the least protection in that district appears to have 
been smudge fires. As before stated, the unsatisfactory character of 
the experiments made ^vith smudge fires may be attributed to the fact 
that artificial devices are inadequate to charge dry air with suiRcient 
moisture to prevent loss of iieat from the earth by radiation. Reports 
of California experiments do not distinguish between frosts and 
freezes. Owing, however, to the usually moderate character of the 
cold periods of that section the devices referred to would doubtless 
be equally effective against frosts and freezes. 

In the orange-growing districts of the South irrigation affords the 
most effective protection against frost, while in sections where this 
process can not be employed damp smudge fires for frosts and light 
freezes, and wood fires for moderate freezes, properly handled are 
best adapted to general use. Severe freezes which kill or injure the 
trees can be guarded against only by housing the trees and heating 
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the confined air, or by " banking up " the trees with dirt or sand. 
The latter method is comparatively inexpensive and is therefore the 
better adapted to general use. 

In all sections loose coverings may be used to advantage for pro- 
tecting low plants, and damp smudge fires may be profitably em- 
ployed in gardens, orchards, and small fields. 

It is important to remark in this connection that none of the arti- 
ficial devices described should be employed during the growing season 
except on the immediate eve of threatened frost. The necessity for 
observing this precaution becomes apparent when the fact is consid- 
ered that any appliance for protecting plants from cold will main- 
tain abnormally high temperatures when average weather conditions 
prevail. The elfect of this process would be to force the growth of the 
plants and render them the more susceptible to damage by the late 
frosts of spring. In all sections and localities reached by the fore- 
casts and special warnings of the Weather Bureau action to put into 
operation protective measures can be safely deferred until warning- 
notices are issued. The Bureau has made provision for a distribution 
of frost warnings which is limited only by the resources of the tele- 
graph, telephone, mail, train, and signal services, and agriculturists 
whose location renders possible the receipt of the warnings by any 
of the means referred to should adopt measures for securing them. 
That action in this direction would be profitable is shown by the testi- 
mony of those who have received substantial benefits from the 
warnings. 
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